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FRPSRVLWHV RULJLQDOO\ GHYHORSHG IRU WKH WKHUPDO SURWHFWLRQ RI UHXVDEOH VSDFHFUDIWV RIIHU D JUHDW DSSOLFDELOLW\ IRU
H[WUHPH OLJKW ZHLJKW DQG WKLQ ZDOOHG VWUXFWXUHV FRPELQLQJ DQ H[FHOOHQW VWUHQJWK WR GHQVLW\ UDWLR ZLWK YHU\ ORZ
WKHUPDO H[SDQVLRQ EHKDYLRU >&KDZOD @ 7KHVH RXWVWDQGLQJ SURSHUWLHV DQG HIILFLHQW PDQXIDFWXULQJ URXWH
SUHIHUWKHVH&6L&PDWHULDOVIRUDYDULHW\RIORZ&7(DSSOLFDWLRQVHJIRUWHOHVFRSHVRUFDOLEUDWLRQDUWLIDFWV>5HQ]HW
DO@7KHUHDUHVHYHUDOPHWKRGVWRIDEULFDWH&6L&FHUDPLFFRPSRVLWHVVXFKDVFKHPLFDOYDSRULQILOWUDWLRQ
&9,0HOW ,QILOWUDWLRQ 0, RU/LTXLG 6LOLFRQ LQILOWUDWLRQ /6, SRO\PHULQILOWUDWLRQS\URO\VLV 3,3 HWFZKLFK
PDLQO\GLIIHULQWKHZD\WKH6L&PDWUL[LVEXLOWXS&9,DQG/3,SURFHVVHVFRXOGEHWUDQVIHUUHGIURP&&&DUERQ
)LEHU UHLQIRUFHG &DUERQ WHFKQRORJ\ DQG ZHUH IXUWKHU GHYHORSHG DQG TXDOLILHG OHDGLQJ WR LPSURYHG PDWHULDO
SURSHUWLHVDQGD UHSURGXFLEOHSURGXFWLRQRI UHOLDEOH VWUXFWXUDOSDUWV7KHVHSURFHVVHVDQGPDWHULDOVZHUH LQLWLDOO\
GHYHORSHG IRU WKH XVH LQ DHURVSDFH DQG PLOLWDU\ DSSOLFDWLRQV DQG GXH WR KLJK PDWHULDO FRVWV HJ FDXVHG E\
DEVROXWHO\YLWDOILEHUFRDWLQJVDQGYHU\ORQJSURGXFWLRQF\FOHWLPHVRIVHYHUDOZHHNVXSWRPRQWKVDUHVWLOOOLPLWHG
WRWKLVDUHDV+RZHYHULQWKHODWHVFRVWHIILFLHQWPDQXIDFWXULQJPHWKRGVEDVHGRQWKHLQILOWUDWLRQRIPROWHQ6L




WHPSHUDWXUHKHDW H[FKDQJHUV SLSLQJ SXPSV DQGYHVVHOV IRU QXFOHDU DSSOLFDWLRQV GXH WR WKHLU DELOLW\ WRPDLQWDLQ
QHDUO\ IXOO PHFKDQLFDO VWUHQJWK WR KLJK WHPSHUDWXUHV WKHLU ORZ UHVLGXDO SRURVLW\ DQG WKHLU ORZ FRVW >7UHILORY
 %DQVDO@7KHDSSOLFDWLRQIRUSUHFLVHFRQWURORIJHRPHWULFDOVKDSHVDQGGLPHQVLRQVRIWKHVHFHUDPLF
FRPSRVLWHVFDQEHDFKLHYHGRQO\WKURXJKILQDOPDFKLQLQJRIWKHSDUWV7KHPDQXIDFWXULQJ DVSHFWVZLWKUHIHUHQFHWR




IURP WKH JXLGDQFH VHW 7KUXVW YHFWRU FRQWURO VXEV\VWHPV DUH XVHG LQ DGYDQFHG ILJKWHUV UHVHDUFK DLUFUDIW WDFWLFDO
PLVVLOHVDQGVSDFHFUDIW7KHVHDUHUHTXLUHGRQYLUWXDOO\DQ\EDOOLVWLFPLVVLOHV\VWHP0LVVLOHV\VWHPV XVLQJVROLGDQG





HURVLRQ RI WKH YDQH PDWHULDO LV FUXFLDO 7KH\ DUH PDGH RI KLJKWHPSHUDWXUH PDWHULDO VXFK DV FDUERQ FDUERQ
GHULYDWLYHVRU UHIUDFWRU\PDWHULDOV VXFKDV WXQJVWHQ *UDSKLWH MHWYDQHVZHUHXVHG LQ WKH*HUPDQ9PLVVLOH LQ
:RUOG:DU,,DQG LQ WKH6FXGPLVVLOHV ILUHGE\,UDT LQ>*HRUJHHWDO@7KHIXQFWLRQVRI MHWYDQHVDUH
VKRZQLQ)LJ
)LJ  )XQFWLRQVRIMHWYDQHVRIDPLVVLOHV\VWHP
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 0DQXIDFWXULQJRI&6L&FHUDPLFFRPSRVLWHV
6LOLFRQFDUELGHPDWUL[EDVHGFRPSRVLWHVH[KLELWSURPLVLQJWKHUPDOPHFKDQLFDOSURSHUWLHVDWKLJKWHPSHUDWXUHV
DQG RIIHU YHU\ JRRG R[LGDWLRQ DQG WKHUPDO VKRFN UHVLVWDQFH &DUERQ ILEHUUHLQIRUFHG 6L&PDWUL[ FRPSRVLWHV DUH
SUHIHUUHGWR&&FRPSRVLWHVIRUR[LGL]LQJDQGKLJKO\HURVLYHHQYLURQPHQW&6L&FRPSRVLWHVDUHXVHGXSWR&
IRUORQJGXUDWLRQVDQGXSWR&IRUVKRUWGXUDWLRQV&6L&FRPSRVLWHVUHWDLQPHFKDQLFDOVWUHQJWKXSWR&
DQG KDYH D KLJK WKHUPDO FRQGXFWLYLW\ DQG ORZ WKHUPDO H[SDQVLRQ DQG KHQFH H[FHOOHQW WKHUPDO VKRFN UHVLVWDQFH
'XULQJ LQLWLDO VWDJHV RI LWV GHYHORSPHQW WKHVH  &6L& FRPSRVLWHV ZHUH H[WHQVLYHO\ XVHG WR GHYHORS QRVH WLSV RI
UHXVDEOHVSDFHYHKLFOHVOHDGLQJHGJHVRIK\SHUVRQLFYHKLFOHV>'DYLG@HURVLRQUHVLVWDQWMHWYDQHVIRUWKUXVW




FDUERQL]DWLRQ LQ LQHUW JDV DWPRVSKHUH DW7! & DQG JUDSKLWL]DWLRQ DW &7KH ULJLGL]HG SUHIRUPV




































DQGGLIILFXOW WRPDFKLQHXVLQJFRQYHQWLRQDOPDFKLQLQJSURFHVVHV+HDY\PDWHULDO UHPRYDO LVQHFHVVDU\ WREULQJ LW












&RQVLGHULQJ WKH DERYH SUREOHPV GLIIHUHQW PDFKLQLQJ URXWHV ZHUH FRQVLGHUHG LQLWLDOO\ DQG DOO PDQXIDFWXULQJ
URXWHV DUH WULHG WR PDFKLQH WKH FRPSOH[ FRQWRXUHG MHW YDQHV $IWHU VHYHUDO PDFKLQLQJ WUDLOV DQG H[WHQVLYH
H[SHULPHQWDWLRQWKHPDQXIDFWXULQJURXWHKDVEHHQILQDOL]HG7KLVPDQXIDFWXULQJURXWHLQYROYHVWZRVWDJHV$VWKH
PDFKLQLQJ SURFHVV WR EH HFRQRPLFDO FRQYHQWLRQDO WXUQLQJ DQG PLOOLQJ RSHUDWLRQV ZHUH FDUULHG IRU ILUVW VWDJH











,Q WKH ILUVW SKDVH LW LQYROYHV PDFKLQLQJ RI &DUERQ&DUERQ FRPSRVLWH EODQNV  7KHVH && FRPSRVLWH EODQNV
FRQVLVWRIURXJKDQGLUUHJXODUVXUIDFHV$VPRVWRIWKHGLPHQVLRQVDUHLQWHUUHODWHGDQ\YDULDWLRQLQRQHGLPHQVLRQ











'XULQJ ILUVW VWDJH WKH*UHHQ IRUPFRPSRVLWHV DUH VRIW DQGGHOLFDWH LQQDWXUH ([FHVVLYH FODPSLQJ IRUFHV DQG




7KH ILQDO VWDJHPDFKLQLQJZDVFDUULHGRXWDIWHU WKH VLOLFRQL]DWLRQ WUHDWPHQW$IWHUEDNLQJDQGGU\LQJ WKH VHPL
ILQLVKHG EODQNV EHFDPH IXOO\ GHQVLILHG &6L& FHUDPLF FRPSRVLWHV 7KH VWRFN RQ HDFK IDFH LV DURXQG  WR
PPZKLFK LVKLJKO\GLIILFXOW WR UHPRYHE\GLDPRQGJULQGLQJSURFHVV7KH ILQDO VWDJHPDFKLQLQJVWHSVDUHJLYHQ
EHORZ
 0DFKLQLQJRIKXESRUWLRQ
$VWKHKXESRUWLRQEHLQJ WKHPDLQUHIHUHQFH LW  LVSURFHVVHGRQGLDPRQGJULQGLQJSURFHVVZKLFK LVKLJKO\ LQ
HIILFLHQWDVWKHPDWHULDOUHPRYDOUDWHLVYHU\OHVV,WKDVWDNHQDORQJF\FOHWLPHIRUJULQGLQJWKHKXEGLDPHWHU7KH








WKH KHOS RI WZR LQFOLQHG SODQHV ,W UHTXLUHV DFFXUDWH WLOWLQJ LQ WZR GLUHFWLRQV WR DFKLHYH WKH FRPSRXQG DQJXODU
VXUIDFH 3UHYLRXVO\ WKLV RSHUDWLRQ ZDV SHUIRUPHG RQ D GLDPRQG JULQGLQJ PDFKLQH XVLQJ D VSHFLDO IL[WXUH 7KH




KDV EHHQ FDUULHG RXW WR HVWDEOLVK SURFHVV SDUDPHWHUV IRU ZLUHFXW ('0 SURFHVV WR DFKLHYH JRRG VXUIDFH ILQLVK
ZLWKRXWEXUQLQJRIFRPSRVLWHV
 'LDPRQGJULQGLQJ
)LQDOO\ WKH UDGLXV RI 5 IRU WUDLOLQJ HGJH DQG DQJXODU VXUIDFHV RI YDQH LV JHQHUDWHG XVLQJ'LDPRQG JULQGLQJ
SURFHVV
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 6DIHW\SUHFDXWLRQV
$GHTXDWH VDIHW\ SUHFDXWLRQV DUH WDNHQ WR SURWHFW WKH SHUVRQQHO IURP EUHDWKLQJ FDUERQ GXVW DQG WR SURWHFW WKH
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SURGXFWLYH PHWKRGRORJ\ LV HVWDEOLVKHG WR PDQXIDFWXUH WKH MHW YDQHV IRU WZR GLIIHUHQW PLVVLOH DSSOLFDWLRQV 7KH
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